Maize is one of the most important food crops in Ghana even though its production has not reached self sufficiency levels. Drought and striga infestation are among the most important production constraints of maize in Ghana. Promising high yielding, drought and striga tolerant maize varieties are being evaluated by CSIR and IITA in participatory on-farm trials and demonstrations. These varieties however need to meet farmers' varietal preferences in order for them to adopt. This study therefore sought to assess farmers' preference for the different drought tolerant maize varieties, and determine factors that influence their choices. Kendall's coefficient of concordance was used to test the level of agreement between farmers on their preferences. The ordered logistic regression was used to estimate the determinants of farmer's preference using cross-sectional observations from 120 maize farmers in the Transitional and Savannah zones of Ghana. Results indicate that maize varieties that are early maturing (2.38) and drought tolerant (2.45) were most preferred by farmers. Area under maize cultivation, fertilizer usage and family size are the factors that were found to influence farmers' preference for improved maize varieties. These factors should therefore be considered in varietal promotion.
INTRODUCTION
Maize (Zea mays L.) is one of the most important food cereals in the developing world. It is not only the largest staple crop in Ghana, but also the most widely cultivated crop accounting for 50 to 60% of total cereal production. Additionally, maize is the largest commodity crop in the country second only to cocoa (Millennium Development 104. low soil fertility, erratic rainfall pattern, drought, inadequate access to certified seed, poor agronomic practices, among others. It has therefore become important to develop and disseminate maize varieties that are high yielding and tolerant to the major stresses in the country in order to boost its production. The Council for Scientific and Industrial Research of Ghana (CSIR) has been collaborating with the International Institute of Tropical Agriculture (IITA) in developing and evaluating improved maize varieties suitable for various agroecological systems in Ghana. Two CSIR institutes, namely Savanna Agricultural Research Institute (CSIR-SARI) and Crops Research Institute (CSIR-CRI) are responsible for developing improved maize varieties for the northern Guinea savannah, and forest and transitional zones, respectively.
Since 2008, promising high yielding, drought and striga tolerant maize varieties are being evaluated in participatory on-farm trials and demonstrations. These trials serve as important tool to showcasing the potential of new maize varieties to farmers. Additionally, the participatory on-farm testing of the varieties is also a means of facilitating rapid dissemination and adoption of these improved maize varieties by farmers. This study therefore sought to assess farmer preference for the different maize varieties that have been developed and are being evaluated. The findings from the study have important policy implications in terms of guiding breeders and agronomists in prioritizing potential varieties to concentrate on, as means of maximising scarce resources. Most studies have either used contingent valuation to identify factors influencing preference (Chern et al., 2002; Nouhoheflin et al., 2004; Parcell and Gedikoglu, 2012; Chen and Gao, 2013) or product characteristics to explain preference (Tetteh et al., 2011) . This study attempts to explain preference using farmer characteristics and the determinants of preference were estimated using ordered logistic regression based on random utility theory.
Study areas
According to the Ministry of Food and Agriculture (2011), rain forest, deciduous forest, transitional zone, coastal savanna and Northern Savannah are the 5 main agroecological zones in Ghana. This classification takes into consideration climate, natural vegetation and soil types. This study was undertaken in the transitional and northern savannah zones with mean annual rainfall of 1300 and 1100 mm, respectively. The northern savannah with a uni-modal rainfall pattern is located in northern Ghana and the transitional zone with a bi-modal rainfall pattern is located in the middle belt of the country. Differences in mean annual rainfall and distribution as well as soil types have implications for agricultural production in the two zones (Codjoe and Bilsborrow, 2011) . The study district and community in the transitional zone was Techiman and Pramposo, respectively. The study districts in the savannah zone were Sissala West (Silbelle community), Wa Municipality (Kpongu community) and Garu-Tempani (Garu community).
METHODOLOGY

Data
The study used primary data collected through farmer interviews. Questionnaires were developed, tested and administered to maize farmers. Information captured by the questionnaire was mainly on socio-demographic characteristics, preferred maize varieties and reasons for preference. A multi-stage sampling technique was employed by the study. All the districts and communities were purposively sampled because they hosted an on-farm trial of the Drought Tolerant Maize for Africa (DTMA) Project Phase III. At the community level, farmers were grouped by sex and 30 farmers were sampled through simple random technique. A total of 120 farmers were interviewed in 4 communities in 4 districts. In terms of agro-ecology, 30 farmers were sampled in the transitional zone.
Models
Kendell's coefficient of concordance
Evaluation of the maize varieties was done when the crop was still on the field and almost ready for harvesting. The objective of the on-farm trial and the purpose of the variety preference ranking were explained to the sampled farmers. Farmers were asked to view all the plots before selecting the variety they liked most after which a questionnaire was administered. Farmers showed preferences for 17 varieties. These varieties were then categorized into 5 for the purpose of ranking. The highest ranked category was assigned a value of one. Categorisation of the varieties and the levels of preference are presented in Table 1 . The rankings were then subjected to the Kendall's coefficient of concordance in order to measure the degree of agreement of rankings by different farmers. Following from Tetteh et al. (2011) , the total rank score for each factor was computed and the factor with the least score was interpreted as the most preferred. The coefficient of concordance (equation 1) was computed using a statistical software, SPSS:
Where T = sum of ranks for factors being ranked; m = number of farmers; and n = number of factors being ranked. The Coefficient of concordance W was tested for significance using the F distribution (Tetteh et al., 2011) . The hypotheses tested were:
H 0 : There is no agreement among farmers in ranking of maize varieties. H 1 : There is agreement among farmers in ranking of maize varieties.
Ordered logit
In modeling, the factors that influence the choice of a preferred maize variety, the study employs qualitative response regression 105 models because the dependent variable, which is preference for a set of maize varieties, is not measured quantitatively. When the dependent variable is polytomous and is unordered, then the multinomial logit is appropriate and mostly used (Hassan and Nhemachena, 2008; Gbetibouo, 2009; Deressa et al., 2010) . The multinomial logit is however inappropriate in instances when the dependent variable is ordered. It fails to account for the ordinal nature of the dependent variable (Greene, 2003) . The ordered logit is appropriate in this situation. Empirical works that employ the ordered logit include Curtis et al. (2003) and Geda et al. (2005) . The ordered logit is considered for this study because farmers were asked to rank their most preferred maize variety which enters the model as the dependent variables. The theoretical framework adopted for the qualitative response model for this study is based on the random utility model as espoused by Greene (2003) . Following from Greene (2003) , the choice of a preferred maize variety may be modelled as a linear function of a vector of observable exogenous variables, X and an unobservable stochastic term, e:
The mean and variance of the random term is normalized to zero and one with an independent and identical logistic distribution. The model therefore has only one unknown threshold parameter and the probabilities are such that:
thus, the sign of the marginal effects is also not interpretable (Greene, 2003) . This study therefore considers the effects of the exogenous variables on the endogenous variables in terms of log odds.
The parameters for the model were estimated using the maximum likelihood method. The likelihood ratio (LR) statistic was used to test the overall significance of the model (Gujarati, 2004 ). The model was tested for the major econometric problem associated with ordered logistic regressions. According to Green and Hensher (2009), the parallel regression assumption also known as the proportional odds assumption is a very important assumption underlying the use of the ordered logistic regression. It states that the 'independent variables' effect on the cumulative odds does not change from one cumulative odds to the next. The only thing that changes is the constant term". This implies that, the ordered logit unlike the multinomial logit model does not provide different parameter estimates for each dependent variable. Only one set of parameter estimates are provided for all the dependent variables because the cumulative odds do not change, only the constant term changes. According to Greene and Hensher (2009) , Brant test can be used to determine if the proportional odds assumption has been violated or not.
STATA software was used for the estimation. A significant Brant test statistic indicates that the parallel regression assumption has been violated.
Description of variables
The dependent variables for this study are maize varieties that have been broadly categorized into 5 as presented in Table 1 .
(3) Independent variables that were considered to have an effect on farmer's choice of a preferred maize variety are sex, household ' headship, family size, area under maize cultivation and quantity of 
access to different maize varieties and as a result make choices ∂ X between these different maize varieties. Nhemachena and Hassan (2007) however disagree opining that, female farmers undertake
most of the agricultural activities. Female farmers may therefore
have an influence on the choice of maize variety that is cultivated. A ∂X  (4) household head is usually the key decision maker of the household. Household headship is therefore expected to have a positive
influence on the choice of a maize variety that is cultivated by the
As a result of cash constraints, it is not uncommon for ∂ X farmers to apply less than the recommended fertilizer rates. The For this study, φ is defined as the standard logistic distribution with average quantity of fertilizer applied, which can be used as a proxy for wealth, is expected to have a positive effect on the choice of a mean zero and standard deviation δ  π maize variety by a farmer. Increase in family size means increased 3 . From the marginal consumption which consequently has a negative effect on effects equations aforementioned, it can be seen that a change in household income (Shehu and Mshelia, 2007; Maganga, 2012) .
Family size may therefore have a limiting effect on the number of Y  0 X  options of maize varieties available; hence, family size may have a the prob with respect to a change in the exogenous negative influence on the decision to choose between different variable X, has the opposite sign of beta. A change in the maize varieties.
Y  2 X  According to Simonyan et al. (2011) and Ezeh et al. (2012) , an increase in family size implies an increase in family labour. The prob by a similar analogy has the same sign as beta.
additional labour can be channelled into production of different Hence, the marginal effects of these two probabilities are not maize varieties; hence, family size could also have a positive Y  1 X  influence on the decision to choose between different maize ambiguous. A change in prob is however dependent varieties. Farm size is expected to have a positive effect on the on the two densities, the sign of the beta is therefore ambiguous, decision to choose between different maize varieties. Deressa et al. (2009) opines that farmers with large farm sizes are also wealthier farmers and therefore have the resources to invest into different farming options.
RESULTS AND DISCUSSION
Socio-demographic characteristics of respondents
The use of improved maize varieties by farmers in northern Ghana and to a large extent Ghana as a whole is pervasive (Wiredu et al., 2010) . All the farmers interviewed were found to have been using improved maize varieties for at least 10 years. It was observed that most varieties perceived by farmers to be traditional were in fact developed or introduced by research even though in some cases they were developed a long time ago and have been recycled by farmers over the years. Even though majority (80%) of the sample were still cultivating an improved maize variety, only 25% reported knowing the difference between hybrids and openly pollinated varieties (OPVs). Farmers therefore tend to give all maize varieties the same treatment, selecting seeds from previous harvest of both OPVs and hybrids thereby culminating in yield loss as a result of loss in hybrid vigour. The average age of the sampled farmers was 41 years. The experience of the farmers in either cultivate improved maize varieties in particular or engaging in maize production in general, could have had an influencing factor on farmer's selection of their most preferred maize variety. The summary statistics of the independent variables that were considered to have an effect on farmers' preferences for maize varieties are presented in Table 2 . On the average, each farmer interviewed had a family size of 10 people.
According to the Ghana Statistical Service (2008), the mean household size in rural savannah of Ghana is 5 people. Family labour is a significant contributor to the labour requirements of most cropping systems in Ghana; hence, farmers with larger family sizes are less likely to be labour constrained during the peak cropping season. About 58% of the farmers interviewed were heads of their household. The average maize area cultivated was estimated to be 1 ha. Agriculture in Ghana is on a smallholder basis with majority (90%) of farmers cultivating less than 2 ha (MoFA, 2011). A large family and farm size is normally considered as an indication of prosperity and may affect one's social status in most farming communities in Ghana. The average inorganic fertilizer usage was estimated to be 283 kg/ha. With declining soil fertility, most farmers will record low or no yield without fertilizer application. About 48% of the respondents were females.
Farmer's ranking of maize varieties
The results of farmers' rankings of their preferred maize varieties are presented in Table 3 . Analysis of the results indicated that earliness is the most preferred trait required by farmers for their maize varieties. Those varieties with TZE (meaning early maize) in their pedigree received the highest ranking (2.38) in terms of farmer preference. Early and extra early maize varieties enable farmers to have an early harvest which is critical considering the fact that the harvesting period is usually the lean season. These varieties are also usually harvested before the end of the regular season thereby enabling the crop to escape some biotic and abiotic stresses that may affect regular maize production. The second most preferred varieties were the DT category (that is, drought tolerant varieties) with the various local checks been ranked as the least preferred. Drought tolerant varieties are increasingly becoming important with increasing unreliability and unpredictability of the weather pattern. The Kendell's coefficient of concordance indicates that about 14% of the sample agrees with each other on the rankings. Analysis of the rankings by ecology reveals that the various local checks are the least preferred varieties. The local checks were perceived to be drought and striga susceptible and therefore low yielding. Farmers however revealed different preferences for their most preferred variety. Whereas, farmers in the savannah zone preferred early and extra early varieties, farmers in the transitional zone preferred drought tolerant varieties. The level of agreement among farmers in terms of the rankings, were 56 and 10% for the transitional and savannah zones respectively.
Determinants of preference
The overall model is statistically significant suggesting that the model with predictors is to be chosen over a model without repressors in explaining determinants of farmer preference. Parameter estimates of the model showed that area under maize cultivation, fertilizer usage and family size are the factors that influence farmer's preference for improved maize varieties as shown in Table 4 . Results of the Brant test presented in Table 5 also indicated that the parallel regression assumption has not been violated justifying the use of the ordered logit regression technique. Area under maize was found to have a positive and significant influence on farmer's choice of a maize variety. The log odds in favour of selecting a preferred maize variety increases by 0.638 units if a farmer puts an additional hectare of land under maize cultivation. Farmers usually try new varieties on a small piece of land before wide scale adoption takes place after they have been found to be preferable. It is not uncommon for farmers to cultivate more than one variety on a parcel of land if it is large. Farmers with larger farm sizes are therefore more likely to show preference for different maize varieties unlike those with only a small piece of land that may not be able to effectively support several varieties of maize. Farm size is mostly considered as an indication of manliness or wealth in most farming communities in Ghana. Farmers who are therefore able to manage an additional hectare of maize are more likely to be able to buy newly improved varieties as compared to resource poor farmers. The choice of an improved maize variety could therefore be explained by the amount of land kept under maize cultivation. It is not unusual for farmers with large maize farms to have several plots at different locations. Different plots may be suitable for different varieties thus farmers with large farm sizes are more likely to show preference for different maize varieties as compared to farmers with small farm size who may be constrained to utilize only one maize variety. The findings of this study is consistent with Kankwamba et al. (2012) who also reported a positive and significant relationship between farm size and farmers choice to participate in improved seed technology transfer. Application of inorganic fertilizer was found to have a positive and significant relationship on farmer's preference for a maize variety. Application of an additional unit of inorganic fertilizer increased the odds ratio in favour of choosing any preferred maize variety by 1.00 units. In Ghana, inorganic fertilizers and certified seeds are sold by agroinput dealers; hence, farmers are likely to purchase certified seeds and inorganic fertilizers from the same agro-input shop.
Farmers who are able to afford additional inorganic fertilizers are more likely to be able to purchase certified seeds. There is therefore a high likelihood of such farmers showing preference for different maize varieties. Inorganic fertilizers have shown to be more effective on improved seed as compared to traditional varieties. Farmers who apply additional inorganic fertilizers are more likely to be cultivating improved varieties and are therefore more likely to show preference for different maize varieties. Most agricultural related interventions in Ghana with input support usually provide farmers with both inorganic fertilizers and certified seed. The farmers upon imbibing the importance of using certified seeds and inorganic fertilizers are more likely to use both inputs together; hence, farmers with access to inorganic fertilizers are more likely to be exposed to several maize varieties and therefore show preference for different maize varieties. Parameter estimates of the model shows a positive relationship between preference for maize varieties and family size. Increasing the family size by an additional unit increases the odds ratio in favour of choosing a preferred maize variety by 1.06 units. Farmers with large families usually have members with diverse taste. Whereas, some members may prefer maize varieties that have good roasting properties when green, others may prefer maize varieties that have good cooking or milling properties. A farmer with a large family size is therefore more likely to show preference for different maize varieties. The extended family system is still pervasive in most farming communities in Ghana. It is common for grown up or married children to live and work with their parents in the same household. Such large families may cultivate different varieties of maize; hence, the likelihood of a farmer experiencing and showing preference for different maize varieties increases with family size.
Access to labour is not usually a problem for farmers with large families. Such farmers are therefore more likely to either try new varieties or cultivate multiple varieties since labour may not be a limiting factor. Family size therefore seems to be important in determining the choice of any preferred maize variety. Kankwamba et al. (2012) also reported a positive and significant relationship between household size and farmer' decision to use improved seed of groundnut and pigeon pea.
Conclusion
Factors that were found to influence farmer preference for improved maize varieties are area under maize cultivation, fertilizer usage and family size. Maize Etwire et al.
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varieties that are early maturing and drought tolerant are most preferred by farmers in the savannah and transition zones of Ghana, respectively. Breeding for other important maize traits such as striga tolerance, high yielding, resistance to lodging among others, should also take into consideration earliness and drought tolerance. For maximum adoption and impact, access to land, fertilizer and labour are important factors that need to be taken into consideration for effective promotion and dissemination of improved maize varieties.
